Cobalt-base alloys strengthened by intermetallic compounds of tantalum were prepared and tested. Some of the alloys were stronger and more ductile than conventional base-metal alloys. Because horizontal spruing produces less porous tensile specimens than vertical spruing,2 the former technique was modified and used in this study. A special metal mold was designed to furnish wax patterns for the tensile testing specimens. The mold can supply the tensile specimen, feed the sprue and riser, and vent the sprue and riser; the sprue base is readily assembled. The metal mold is shown in Figure 1 . The dimensions of the tensile bar are those specified by American Dental Association Specification No. 14 for Co alloys.3
Cobalt-base alloys strengthened by intermetallic compounds of tantalum were prepared and tested. Some of the alloys were stronger and more ductile than conventional base-metal alloys.
Theoretical considerations that lead to the design of strong and ductile cobalt (Co)-base alloys were discussed in part I of this series of articles. ' It was hypothesized that the composition 40 Co-30 nickel (Ni)-30 chromium (Cr) is an acceptable compromise for the requirements of an alloy base. It also was found that tantalum (Ta) may have the qualities that are acceptable for an additional element; it reacts with Co to form intermetallic compounds that should produce a strong and ductile alloy.
The purpose of this investigation was to test the validity of this hypotheses. Alloys that were designed according to the ideas presented in part I were prepared and the mechanical properties of these alloys were tested.
Materials and Methods
The compositions of the alloys that were prepared in this study are found in the table. The metals used in these compositions were high purity metals with more than 99.9% pure elements. Co and Ni were supplied in the form of small shots. Cr was supplied in sheet form and was crushed to smaller pieces (2 X 2 mm). Ta was provided by thin wires that were cut to shorter pieces (2 mm A12B12 were prepared so that the Ta concentration was increased in increments of 0.5 gmi 100 gm of the alloy base. The elongation values of the latter alloys supported the sudden reduction in ductility when the Ta was increa-ed from 12.3 to 13.8%.
When the elongation was plotted as a function of Ta concentration (Fig 3) , the accelerated response was a step (B) in the curve. Figure 3 indicates that there is another step that corresponds to Ta concentrations ranging from 7.4 to 9.1%. Because the mechanical properties of the alloys that had these concentrations of Ta did not fulfill those required for a dental alloy, further investigation of the latter range was not necessary.
YIELD STRENGTH.-The mean values of the 0.2% offset yield strength of the prepared alloys, together with the values for 95% confidence limits, are shown in a bar graph (Fig. 4) the increase in the yield strength was almost 5,000 psi; this increase was caused by an increase of the Ta concentration of 2 gm/ 100 gm of the alloy base. The yield strength vs Ta concentration is plotted in Figure 4 , which shows a step (B) in the curve.
The curves in Figure 3 represent the yield strength and the elongation as a function of Ta concentration; the accelerated response of both properties to Ta addition occured in the same region. The response of the elongation (18 to 5.5%) was greater than that of the yield strength (80 X 103, to 98 X 103 psi).
ULTIMATE TENSILE STRENGTH (UTS). The results of the tests for the UTS were treated in a manner similar to those for the yield strength and they are plotted as a bar graph in Figure 5 . The UTS increased from 80 X 3 to 133.3 X 103 psi as the Ta concentration was changed from 0% (ABl) to 16.7% (A15B15). As in the examples of yield strength and elongation, a line that connects the means represents the UTS; this line has "jump" in it that is marked (B') in Figure 3 matrix, the formation of the embrittling o phase will result. Thus, the response of the tensile properties to Ta concentration indicates that there are two rapid rates of change in the mechanical properties at certain ranges of Ta concentration. These regions are marked A and B in Figure 3 In summary, when the ratio of the rate of change of ductility to the rate of change of yield strength is considered, the a phase has the opposite effect of the Co3Ta phase.
The results of the tests of the modulus of elasticity (Fig 6) , indicate an increase from 26.4 to 32.8 X 106 psi. An increase in the value of the modulus of elasticity indicates that the compositional variation caused tension of the matrix lattice of more than 1%M. The FCC matrix a phase has a lattice constant of a = 3.545 A and it can be stretched by the formation of a-Co3Ta; this is a simple cubic structure and it has a lattice constant of a = 3.647 A.8 The simple cubic structure becomes coherent with the face-centered cubic structure in an attempt to stretch the lattice of the latter to match its own.
Conclusions
The experimental evidence of this investigation leads to the following conclusions: Alloys that are stronger and more ductile than conventional dental alloys can be prepared if the alloy design is determined by theoretical considerations.' Ta is an efficient J Dent Res January -February 1973 element that strengthens Co-Cr-Ni alloys. The use of Ta should be determined by average electron hole number (N,) considerations. Excessive use of Ta embrittles the alloy through the formation of the a phase. The formation of intermetallic compounds of Ta provides a fast rate of response of the yield strength and a slow rate of response of the ductility; this produces strong and ductile alloys.
